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INTRODUCTION

The Gallatin Vallc;lyhencompasses an area of about 540 mi?
in the eastern half of the Three Forks structural basin, an intermon-
tane basin in southwestern Montana. The Gallatin Valley is
bounded on the north by the Horseshoe Hills, on the east by the
Bridger Range, on the south by the Gallatin and Madison Ranges,
and on the west by the Camp Creek Hills.

The Gallatin Valley is drained by the Gallatin River and its
tributaries. Principal tributaries to the Gallatin River include
South Cottonwood Creek, Camp Creek, and the East Gallatin
River. The largest tributary, the East Gallatin River, heads near the
southern end of the Bridger Range about 10 mi east of Bozeman
and joins the Gallatin River about 2 mi north of Manhattan. Prin-
cipal tributaries to the East Gallatin River include Bozeman
Creek, Hyalite Creek, Smith Creek, and Dry Creek.

The climate in the Gallatin Valley is semiarid, with cold
winters and cool summers. Average annual temperatures are 41,9

°F at Belgrade and 44.2 °F at Bozeman. Average annual precipi-
tation in the valley ranges from about 12 in. near Logan to about
20 in. along the mountain fronts in the south and ¢ast. Annual pre-
cipitation in the higher elevations of the surrounding mountains is
about 50 in. (U.S. Soil Conservation Service, 1977). Thirty to 35
percent of the precipitation occurs during May and June.

Population growth in the Gallatin Valley has resulted in the
development of numerous rural subdivisions in an area character-
ized by permeable soils and shallow, unconfined aquifers that are
sources of domestic water supply. Because of the consequent
increased ground-water use and potential for changes in ground-
water levels and chemical quality, the U.S. Geological Survey, in
cooperation with the Montana Bureau of Mines and Geology, con-
ducted an appraisal of the current (1992-93) hydrologic conditions
in the valley. -

Previous Investigations

An initial hydrologic study of the Gallatin Valley by Mur-
dock (1926) dealt with irrigation drainage problems. Investiga-
tions were later conducted by the Bureau of Reclamation (Debler
and Robertson, 1937) and the history and extent of irrigation was
documented by the Montana State Engineer (1953a,b). A compre-
hensive hydrologic study was published in 1960 as U.S. Geologl-
cal Survey Water-Supply Paper 1482 (Hackett and others, 1960)
The impact of land-use change on ground water was reported by
Brustkern (1977). Irrigated land and rural residential subdivisions
were mapped in 1985 (D.R. Johnson, U.S. Geological Survey,
oral commun., 1994). Irrigation withdrawals were estimated by
Parrett and Johnson (1988). The Montana Department of Natural
Resources and Conservation began monitoring water levels in the
Camp Creek Hills area in 1986. In 1992 the network consisted of
21 wells, 18 of which were irrigation wells.

Purpose and Scope

This report describes the hydrology, including water quality,
of unconsolidated deposits in the Gallatin Valley and evaluates
hydrologic changes resulting from changes in land use. Specific
objectives are to characterize the current water levels, water-level
changes, and ground-water flow system; compile information on
aquifer characteristics; determine present ground-water quality;
determine general land-use distribution; and evaluate any changes
in geohydrologic conditions and land use.

Methods of Investigation

As an initial step in establishing the geohydrologic frame-
work of the study area, 63 existing wells were inventoried to sup-
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Figure 2. Location of wells, depth to water and well depth for selected wells, configuration of the water surface, hydrographs of selected wells, and generalized geology.

plement data from 75 wells inventoried during previous
investigations (table 1). Data collected included well location,
altitude of land surface, use of water, depth of well, diameter of
casing, water level, discharge, specific conductance, pH, water
temperature, nitrate concentration, and geologic unit,

A network of 30 wells was established and measured
monthly for documentation of seasonal water-level changes. A
network of 21 wells was measured, generally in March, May,
August, and November, by the Montana Department of Natural
Resources and Conservation. An additional 70 wells were mea-
sured less frequently, ;f!eneral]y in November 1992 and May,
August, and November 1993. Some of the wells have been part of
a statewide observation-well network. Water levels in these wells
were measured as early as 1947. Records of water-level measure-
ments are summarized in Slagle (1995).

Water samples were collected from selected wells to assess
existing water quality in the study area. Samples were collected
from 38 wells for laborato%' analysis of major ions and trace con-
stituents. Additionally, 16 wells were sampled for analysis of
radon concentration, and 6 wells were sampled for analysis of
selected pesticides and pesticide-degradation products.

Generalized land use was mapped on 1:24,000-scale ortho-
photo quadrangles from ground inventory in late summer 1993,
Approved residential subdivision tracts as recorded in Gallatin
County records were also mapped on 1:24,000-scale orthophoto
quadrangles.

Location Numbering System

In this report, locations are numbered according to geo-
graphic position within the rectangular grid system used in Mon-
tana by the Bureau of Land Manaﬁement (fig. 1). The location
number consists of as many as 14 characters. The first three char-
acters specify the township and its position north (N) or south (S)
of the Montana Base Line. The next three characters specify the
range and its position east (E) of the Montana Principal Meridian.
The next two characters are the section number. The next one to
four characters designate the quarter section (160-acre tract),
quaner-(iuarter section (40-acre tract), quarter-quarter-quarter
section (10-acre tract), and quarter-quarter-quarter-quarter section
(2.5-acre tract), respectively. The subdivisions of the section are
designated A, B, C, and D in a counterclockwise direction, begin-
ning in the northeast quadrant. The last two characters form a
sequence number indicating the order of inventory. For example,
as shown in figure 1, well 01NO4EOSDDDDO1 is the first well

inventoried in the SEV/4SEV/4SE1/4SEl/4 sec. 5, T. 1 N,,R. 4 E.

General Geology

~ The Gallatin Valley is part of the Three Forks structural
basin which was formed as a result of crustal movements during
early Tertiary time. After formation of the basin, the valley was
filled with as much as 6,000 ft of Tertiary and Quaternary sedi-
ments consisting of boulders, cobbles, sand, silt, clay, and volca-
nic ash (Noble and others, 1982, p. 71).

The lowermost unit of valley-fill material in the Gallatin
Valley (fig. 2) is composed of Tertary sediments ranging in aFe
from early Oligocene to Pliocene (Hackett and others, 1960, p.I).
The lower Tertiary sediments primarily are of lacustrine origin and
predominantly consist of sandstone, silistone, claystone, and vol-
canic ash. The upper Tertiary sediments principally consist of
conglomerate, sandstone, siltstone, and claystone of fluvial origin.

Coalescing alluvial fans along the south and east sides of the
Gallatin Valley are primarily composed of a heterogeneous mix-
ture of coarse- 10 fine-grained sediments ranging in size from
boulders to clay. Hackett and others (1960, p. 40) concluded that
deposition of the alluvial fans probably was continuous from late
Tertiary to early Quaternary time.

The central part of the Gallatin Valley is covered by Quater-
nagy alluvium deposited by the Gallatin and East Gallatin Rivers
and their tributaries. The alluvium primarily consists of cobbles
and gravel intermixed with sand, silt, and clay.

Bedrock underlying the valley-fill deposits in the Gallatin
Valley and exposed in the surrounding area consists of metamor-
phic, sedimentary, and volcanic rocks ranging in age from Pre-
cambrian through Cretaceous. Most of these rocks originated as
marine sediments; notable exceptions include rocks derived from
continental deposition during Early Cretaceous time and from vol-
canism during Late Cretaceous time.

GEOHYDROLOGIC CONDITIONS

The valley-fill deposits of the Gallatin Valley constitute the
Bn‘mary aquifer utilized for irrigation and domestic sup[Elies. The
ydrologic conditions of this aquifer are described in the follow-
ing sections on water levels and ground-water flow, hydraulic
characteristics of the valley fill, and quality of the water.

Water Levels and Ground-Water Flow

Depth to water in the study area generally ranges from about
3 ft below land surface in much of the central part of the valley to
about 460 ft in the Camp Creek Hills (fig. 2). Ground-water flow
in the area generally is from the east and southeast toward the
northwest where ground water exits the valley at Logan, as shown
by the water-surface contours in figure 2. Locally, ground water
flows toward the major drainages.

Ground-water levels fluctuate seasonally throughout the
study area, generally rising from spring through mid-summer and
declining during the rest of the year as shown by the hydrographs
in figure 2. Because of the greater than normal precipitation
throughout the summer of 1993 (fig. 3), the water levels in some
wells, such as 01SOSE12BCCCO1 and 01SOSE09DCCCO1 (fig. 2,
hydrographs E and F), reflect the effects of greater than normal
late-season recharge. The influence of irrigation on recharge to
the ground-water system was well illustrated during the summer
of 1993. The area received above normal precipitation and had
below normal temperatures throughout the summer, which pre-
cluded the need for irrigation. Because of reduced recharge from
applied irrigation water, ground-water levels declined in arcas
normally irrigated by diversion of surface water. In contrast,
water levels rose more than normal in non-irrigated areas and in
areas irrigated ]By wells, primarily the Amsterdam-Manhattan
area, Between November 1992 and November 1993 declines of
asmuch as 12.1 ft at well 02S05SE35DCDCO1 occurred in the irri-

ated areas and rises of as much as 20.8 ft at well
452N05E04DADD01 were recorded in the non-irrigated areas (fig.

Although seasonal water-level fluctuations are large in
some areas, the long-term water-level change éenerMy is mini-
mal. The hydrograph for well 02S04E13CCBCO01 (fig. 2,
hydrograph I) shows annual fluctuations in an irrigated area
between about 1.5 and 6.5 ft and year-to- year fluctuations of about
1 ft for the period 1947 through 1993. The mean annual (year-to-
year) water level for 1993 is essentially the same as that for 1948,
Com;;arison of water levels in wells measured during this stud
(Slagle, 1995) and by Hackett and others (1960) indicates a small
decline in water levels between November 1952-53 and Novem-
ber 1992 (iable 2). However, the hydrograph for well
02SO4E13CCBCOI indicates that 1952-53 mean annual water lev-
els were some of the highest for the period of record and also
somewhat higher than the 1993 water levels. Comparison of the
configuration of the water surface shown on figure 2 and the water
surface for August 1, 1953 (Hackett and others, 1960, pl. 5) indi-
cates little change throughout the study area.

Hydraullc Characteristics

Specific-capacity tests (table 3) indicate that the Quaternary

alluvium generally is the most permeable material in the study
area. Specific-capacity values from tests of 26 wells completed in
Quaternary alluvium ranged from 0.46 to 63.2 (gal/min)/It, with a
median value of 4.6 (gal/min)/ft. Transmissivity values deter-
mined by Hackeu and others (1960, table 12) for Quaternary allu-

vium, ranged from 5,100 to 90,000 fi®/d, Specific-capacity
values from tests of 21 wells completed in alluvial fan deposits in
the southern and eastern parts of the study area generally ranged
from 0.19 to 23.8 (gal/min)/ft, with a median value of 1.6 (gal/
min)/ft. An anomalously large value of 300 (gal/mm)/ft was
determined for one well completed in alluvial fan deposits. Trans-
missivity values for the alluvial-fan deposits determined by Hack-

ett and others (1960) ranged from 600 to 8,700 ft%/d. Specific-
capacity tests were conducted on 16 wells completed in Tertia
sediments; the values ranged from 0.20 to 47.6 (gal/min)/ft, wi
a median value of 0.78 'S%a]/mm)/ft. Transmissivity values deter-
mined by Hackett and others (1960) for Tertiary sediments ranged

from 40 to 3,500 ft/d.

Water Quallty

Water from 38 wells in the Gallatin Valley was sampled and
analyzed by the laboratory of the Montana Bureau of Mines and
Geology for primary constituents and trace elements. The water
generally was a calcium bicarbonate type having dissolved-solids
concentrations ranging from 113 to 551 mg/L, with a median
value of 252 mg/L table 4). Water from four wells (01S04E17-
DCDDO1, 01S06E06ABCBO01, 01S06E20BDAAO02, and
02SOSE17BBAAO1) was a calcium magnesium bicarbonate type
and water from two wells (02S05E31ADAAO1 and
03S06E0SCBAAO1) was a magnesium calcium bicarbonate type.
Water from only one well (02504E0SBCBBO1) had a dissolved-
solids concentration (551 mg/L) in excess of the drinking-water
re%;.llation for Bublic water supplies of 500 mg/L (table 5) estab-
lished by the U.S. Environmental Protection Agency (1991a).
Water from all other wells sampled, except well
02S05E31ADDAO1 with a concentration of 437 mg/L, had dis-
solved-solids concentrations less than 400 mg/L.. Maximum con-
centrations for all other constituents analyzed (table 4) were
considerably less than the maximums for drinking-water regula-
tions shown in table 5.

Sixteen wells were sampled to assess the concentration of
radon-222 in ground water in the Gallatin Valley. Radon concen-
trations in water from the sampled wells ranged from 170 to 1,565
Rgfi/L with a median concentration of 523 pCi/L (table 4). The

ontana Water Quality Standard for Human Health is 300 pCi/L
for public water supplies, Although 94 percent of ground-water
samples from the Gallatin Valley exceeded this concentration,
ingestion of water containing radon is considered to be a minor
health risk compared to the risk from breathing air containing
radon (U.S. Environmental Protection Agency, and others, 1992).
The standard of 300 pCi/L is recommended in public water sup-
lies to minimize the amount of radon released to household air,
adon concentrations as large as 9,900 pCi/L have been detected
from wells sampled in other parts of southwestern Montana and
concentrations exceeding 1,000,000 pCi/L have been detected in
water from wells in some parts of the United States (Clark and
Briar, 1993).

To assure the reproducibility of analyses of water samples
collected during this study, duplicate samples were collected for
each 10 samples or at least once for each sam(?émg tn[lJ and sub-
mitted to the Montana Bureau of Mines and Geology laboratory
for analysis. Additionally, for each 20 samples collected, a tripli-
cate sample was collected and submitted for interlaboratory com-

arison to the U.S. Geological Survey National Water Quality
Eaboratory in Arvada, Colo. Results of constituent analyses by
the laboratories were consistent. Results of the quality-control
analyses are given in table 6.

Water samples were collected from six wells to determine
possible presence of selected pesticides or pesticide-degradation
products in ground water. Two wells (01S04E26CDDD01 and

01S04E26CDDDO02) are located in an area downhgradient from a
former aerial spraying operation, one well (01SOSE15BCBAO1) is
located in a developed subdivision, one well
(02SOSE11ADABO1) is located in a city park, and two wells
(02S05E17BBAAO1 and 03SO4E03ABA AQ1) are located in agri-
cultural areas. Analyses for the 54 pesticides and pesticide-
degradation products listed in table 7 were conducted by the Mon-
tana Department of Agriculture laboratory in Bozeman, Labora-
tory quality assurance consisted of a duplicate analysis of one
sample from each sample set. No pesticides or related analytes
were detected in any of the samples.

Water from 43 wells was analyzed semi-quantitatively for
nitratec concentration (table 1). Analysis was conducted onsite
using a spectrophotometer. The meter was calibrated using a 10
mg/E nitrate standard solution. Nitrate concentrations (as nitro-

en) ranged from 0.1 to 4.5 mg/L, with a median concentration of
4 mg/L. Water from 30 of the 43 wells contained concentrations
less than 2 mg/L.

LAND USE

Agriculture is the predominant land use in the study area
(fig. 5). Small grains, paniculaili'ﬁ' wheat, are the principal crop in
the non-irrigated parts of the valley. The principal irrigated crop
is hay, although potatoes are irrigated, mostly by ground water, in
the Camp Creek Hills area. About 96,200 acres were under irriga-
tion facilities in Gallatin Countil in 1985 (Parrett and Johnson,
1988; D.R. Johnson, U.S. Geological Survey, oral commun.,
1994); most of those acres are in the Gallatin Valley. About 2,750
of the 96,200 acres commonly are irrigated with ground water.
Hackett and others (1960) reeoned that 107,261 acres were irri-
gated in 1952 in the Gallatin Valley. Because most of the acreage
wrrigated in 1985 is in the Gallatin Valley, it is assumed that most
of the reduction in irrigated acreage from 1952 to 1985 occurred
in the Gallatin Valley.

The population of the area has grown significantly in 40
years. The population of Gallatin County increased from 21,902
1in 1950 (Hackett and others, 1960) t0°50,463 in 1990 (U.S.
Department of Commerce, 1992). The City of Bozeman increased
from 11,325 10 22,660 residents during the same period. The pop-
ulation growth has resulted in many new areas of urban use,
including the establishment of numerous rural residential subdi-
visions in the valley (fig. 5). Most homes in these subdivisions
have individual wells and septic systems. The density of develop-
ment results in increased use of ground water, which'is the source
of domestic water supply for most of the residents in the valley.
Sef)tic systems and excess application of pesticides and fertilizers
to lawns and gardens could increase the potential for ground-water
contamination, particularly in areas where soils are permeable and
the aquifer is shallow and unconfined.

RELATION OF LAND USE AND GROUND-WATER
CONDITIONS

Water-level measurements made during this study, coupled
with long-term water-level trends (fig. 2), do not indicate any sig-
nificant water-level changes resulting from increased ground-
water withdrawals. Water-level altitudes and annual fluctuations
are similar to those measured in 1952-53. Perhaps the greatest
influence of 1and use on ground-water levels is the dependence on
irrigation to provide recharge to sustain artificially high water lev-
els 1n areas irrigated with surface water.

Distribution of nitrate concentrations in ground water indi-
cates the possibility of an influence of rural residential develop-
ment on ground-water quality. Most of the samples containing
larger concentrations of nitrate ranging from 2 to 4.5 mg/L were
from wells north-northwest of Bozeéman in the tgeneral vicinity of
the eastern part of T.1 S., R.5 E. (fig. 5), one of the more densely
developed areas in the valley. These larger nitrate concentrations,
while considerably less than the 10 mg/L maximum established by
the U.S. Environmental Protection Agency (1991a) for public
water supplies, may reflect the greater density of septic systems or
fertilizer application.

Table 1. Records of selected wells in the Gallatin Valley
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Figure 4. Water-level change in selected wells (November 1992 to November 1993),

SUMMARY

The Gallatin Valley is part of an intermontane basin in
southwestern Montana, encompassing an area of about 540 mi2.
The valley is drained by the Gallatin River and its tributaries. The
climate is semiarid with average annual precipitation ranging from
about 12 in. at the western edge of the valley near Logan, to about
20 in. along the mountain fronts in the south and east.

The Gallatin Valley is part of the Three Forks structural
basin, which was formed during early Tertiary time. Afier forma-
tion of the structural basin, the Gallatin Valley was filled with as
much as 6,000 ft of Tertiary and Quaternary sediments; these sed-
iments consist of various heterogeneous mixtures of boulders,
cobbles, sand, silt, clay, and volcanic ash,

Depth to water in the study area generally ranges from about
3 ft to about 460 ft below land surface. Ground-water flow gen-
erally is from the east and southeast toward the northwest where
the water exits the valley at Logan. Ground-water levels fluctuate
seasonally, generally rising from spring through mid-summer and
declining during the rest of the year. Although seasonal water-
level fluctuations are large in some areas, long-term water-level
change generally is minimal.

Specific-capacity tests indicate that the Quaternary allu-
vium generally is the most permeable material in the ared, The
median specific ca aci’%o 26 wells completed in the alluvium
was 4.6 al/min)/t%. e median specific capacity of 21 wells
completed in Tertiary and Quaternary alluvial-fan deposits in the
southern and eastern part of the area was 1.6 (gal/min)/ft whereas
the median value of 16 wells completed in the Tertiary sediments
was 0.78 (gal/min)/ft.

Water from 38 wells sampled for water-quality analyses
generally was a calcium bicarbonate type, having dissolved-solids
concentrations ranging from 113 to 551 mg/L. Water from onl
two wells had dissolved-solids concentrations greater than 4
mg/L. Radon-222 concentrations in water from 16 wells ranged
from 170 to 1,565 gCi/L. Water samples collected from 6 wells
were analyzed for 54 pesticides and pesticide-degradation prod-
ucts. No pesticides or related analytes were detected in any of
those samples. Nitrate concentrations measured onsite using a
spe]cl:trophotometer ranged from 0.1 to 4.5 mg/L in water from 43
wells,

Agriculture is the predominant land use in the Gallatin Val-
ley. However, population growth has resulted in the establishment
oty numerous rural subdivisions. Water-level measurements made
during this study, coupled with long-term water-level trends, do
not indicate any significant water-level changes resulting from
increased ground-water withdrawals. The occurrence of larger
nitrate concentrations in ground water in more densely developed
areas indicates a possible influence of subdivision development on
ground-water quality. However, the maximum concentration

etected (4.5 mg/L) is considerably less than the 10 mg/L maxi-
mum established by the U.S. Environmental Protection Agency
for public water supplies.
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Method
s . Speclfic
2':::':; Primary Depth Diameter Water water Date water : e il conduc- PH, Temper- Nitrate, Date water-
Location number of well ofcasing level level meas- °'2rge dhirge tance, Onisita ature onslte quallty
surface (feet) (foet) ured (gall' meaa- aniiite (atandard °C) (mg/L parameter
(feet) min) ure- (uS/cm) unita) as N) measured
ment ‘¥
OINO2E14CADCO1 4,620 U - 6.0 458.6 S 06-24-91 -- - -- - - - -- N
OINO3EO7CDDAO1 4,422 S - 6.0 227.89 S 11-04-92 = = = - = — <s -
O0INO3E16CABBO1 4,375 U 400 6 84.56 S 05-14-91 - - - - - - - M
0INO3E21ADDDO1 4,433 I - 121.20 S 05-02-91 - - - - - - - M
OINO3E27AACCO01 4,329 1 196 14.36 S 05-15-91 2,000 R - -- - - -- M
OINO3E28DCAA01 4,420 I 289 71.30 S 05-14-91 2,000 R -- - -- - -- M
O0INO3E28DCBB01 4,460 I 284 115.39 S 05-14-91 1,400 R - - - - - M
-- -- -- - - 1,500 R - - - - - -
OINO3E33BADDO1 4,420 1 275 78.92 S 05-14-91 1,680 R -- -- - - - M
OINO3E33BD 01 4,440 - -- 73.50 T 10-24-89 -- - -- - - - -- M
O0INO3E33BDBB01 4,435 U 340 17.42 T 05-14-91 -- - -- - - - - M
O0INO3E33CCBCO01 4,520 I 378 145.08 S 05-14-91 1,000 R -- - - - - M
OINO3E35DDBB01 4,351 [ 72 11.45 S 05-15-91 900 R -- -- - - -- M
OINO4EOIDBABO1 4,385 H 123 75.73 S 06-20-91 7 A4 309 75 12.0 - 06-19-91 -
- - - -- - -- 15 R - - - - -- -
O0INO4EO3BBAAO1 4,270 U 48 19.00 S 04-24-51 - - -- - - - -- N
OINO4EOSDDDDO1 4,257 H 65 8.21 S 06-24-91 30 R 462 715 95 - 06-24-91 -
- - - - -- - 10 A% e - == - == =
O01INO4EO6CBBBO1 4,228 U 8.2 499 S 06-18-92 - - -- -- - - -- N
OINO4E10AADDO1 4,277 U 58 2.66 S 06-18-92 - - - - - - - N
O0INO4E12CDCCO1 4,309 U 7.0 543 S 08-14-92 - - -- - - - -- N
OINO4E15DADDO1 4,318 U 300 5.00 S 05-20-53 - - -- - - - -- N
OINO4E17BAAAO1 4,278 H 28 375 S 06-11-92 12 v 411 72 8.5 06 06-11-92 N
0INO4E18DBCCO1 4,288 H 33 5.63 S 07-15-92 54 v 364 7.6 9.0 9  07-15-92 -
OINO4E19CBCCO01 4,304 U 81 4.00 S 09-01-53 = = == = ot = = -
O01NO4E25DCDD0O1 4,385 U 101 10.57 S 12-07-51 140 v - - 11.0 - 12-07-51 R
OINO4E26CCCCO1 4,384 U 63 1794 S 07-14-92 == - = = = = = =
OINO4E28ABBB01 4,349 H 44 354 S 07-14-92 20 v 426 7.6 10.0 1.5 07-1492 -
O0INO4E2BABBD01 4,352 Z 10 4.00 S 07-14-92 5.2 v 608 74 14.0 9 07-14-92 N
OINO4E31CAAAD1 4,361 S - 296 S 06-18-92 - - 298 73 - 3 06-18-92 -
OINO4E33CDCCO01 4,407 1 101 21.85 S 06-19-91 1,500 R -- - o = o -
01INOSEO2AAACO01 4,740 H 78 6.12 S 07-22-92 13 v 185 7.0 10.0 9 07-22.92 -
O0INOSE02BAADO1 4,675 H 40 597 S 06-20-91 25 R 240 7.0 10.0 - 06-20-91 -
O0INOSE04DDADO1 4,500 U 13 11.37 S 07-17-92 2 . ss o - = . N
0INOSEO4DDADO2 4,500 H 68 7.46 S 07-17-92 11 Vv 650 7.6 10.5 13 07-17-92 -
O0INOSE14ACDDO1 4,670 H 109 86.32 S 07-31-92 8.0 v 429 7.6 10.0 1.0 07-31-92 -
OINOSE16DAAAQO1 4,490 H 119 43.33 5 06-21-91 13 \4 461 7l 8.0 - 06-21-91 -
0INO5SE20DBAAO1 4,377 H 33 12.86 S 07-15-92 8.6 \4 348 7.8 8.5 1.6  07-15-92 -
OINOSE28DCADO1 4,423 H 40 445 S 07-08-92 14 v 435 1.7 8.5 2.7 07-08-92 -
OINOSE30DDAAO1 4,380 U 10 3.00 S 07-07-51 = = o . = - - N
O01NOSE34DDDCO01 4,519 H 101 64.35 S 06-20-91 25 R 315 1.1 9.0 - 06-20-91 -
- -- - .- - - 6.6 v - - - - - -
OINOSE35ADBB01 4,565 H 81 25.59 S 07-22-92 14 v 427 79 10.5 3.1 07-2292 -
OINOSE17CDCBO1 5,040 H 60 10.77 S 06-20-91 30 R 328 74 15 - 06-20-91 N
01INO6E30BCBB01 4,695 H 154 116.72 S 07-16-92 6.7 v 570 7.6 9.5 35 07-16-92 -
01S02E01BDDD01 4,695 1 710 303 R 11-15-76 1,850 R 388 78 - - 08-14-91 -
01SO3E03BBB 01 4,440 - -- 81.00 T 01-16-90 =s - as &= =% - e M
01SO3EQIDBC 01 4,560 - 540 233.70 S 07-27-90 = - - _- - = . -
01SO3E10AB 01 4,450 - -~ 105.88 T 03-19-90 s - - = . = : M
01SO03E10CCC 01 4,580 I 310 159.75 S 10-28-89 s - - = = = - M
01S03E10DCCBO1 4,550 I 359 14047 S 05-14-91 900 R -- - - - - M
01SO3E10DDBB01 4,535 U 240 148.25 S 05-02-91 630 R -- - - - - M
OISO3E13BDBD01 4,552 - 160 108 R 02-01-74 -- - - - - - -- M
01SO3E23ADBC01 4,670 I 392 177.64 S 05-14-91 600 R -- -- -- - -- M
01S03E24DBABO01 4,633 U 360 142.79 S 05-14-91 1,150 R -- - -- - - M
- - - -- - -- 750 R - - - - - -
01S03E36BCCDO1 4,658 U 113 14.00 S 10-14-52 - - -- - - - -- N
01SO4E01DCBDO1 4,459 P 185 54.73 S 06-19-91 600 R -- = = == s <
01SO4E09BAAAOL 4,428 U 97 23.00 S 04-08-53 - - - - - = & N
01SO4E10DDDDO1 4,488 H 107 12.15 S 07-30-92 15 v 379 715 9.5 8 07-30-92 -
01SO4E12CAABO1 4,480 P 260 53.40 R 02-04-88 725 - 432 7.6 10.5 - 06-19-91 -
O01SO4E17DCDDO01 4,497 S 50 6.52 S 06-18-92 15 Vv 553 7.6 9.0 1.5 06-18-92 -
01SO4E18BCB 01 4,520 U 318 70.64 1) 11-21-89 - - -- -- - - - M
01SO4E25ADDD01 4,581 H 34 1.76 S 07-29-92 - - 374 3 10.0 1.0 07-29.92 -
01S04E26CDDD01 4,605 H 37 4.76 S 07-30-92 8.0 A% 457 15 10.0 .6 07-30-92 N
01SO4E26CDDD(2 4,605 1 27 6.62 S 07-13-93 - - 431 (N 9.5 24 07-13-93 -
01SO04E29BDCDO01 4,670 U - 69.48 S 05-14-91 -- - -- - -- - - M
01SOSEOSCCBBO1 4,451 H 47 17.86 S 07-23-92 12 v 403 7.6 10.0 14  07-23-92 -
01SO5E09ACCCO01 4,475 H 28 1993 S 07-09-92 - - 465 15 6.5 1.8  07-09-92 -
01SO5SE09DCCCO1 4,490 U 145 6.0 16.00 S 10-26-53 - - -- - - - -- N
01SOSE12BCCCO1 4,668 U 112 6.0 100.73 S 07-09-92 - - -~ -- - - -- N
01SOSE12BCCC02 4,669 S 120 6.0 - - = - - 375 7.6 10.0 39  07-09-92 -
01S05E15BCBAO1 4,518 H 60 6.0 28.87 S 07-13-93 02 v 532 73 9.0 29 07-13-93 -
01S05E16DBCCO01 4,525 H 58 6.0 37.24 S 06-18-91 45 R 575 73 9.5 - 06-18-91 -
- o - - - . - 19 v -- - - = 5 =
01S05SE17CCDCO01 4,519 H 42 55 9.05 S 07-31-92 12 v 347 7.2 8.5 1.0  07-31-92 -
01SOSE22AADDO1 4,567 H 52 6.0 3.86 S 07-23-92 12 \4 623 7.6 8.5 28 (07-23-92 -
01SOSE24CACDO01 4,628 H 37 50 21.73 S 07-29-92 54 v 553 75 10.5 4.5 07-28-92 -
01S0SE27CBDCO01 4,665 H 109 6.0 4631 S 08-06-92 12 A% 598 7.6 10.5 1.6  08-06-92 -
01SOSE35CAABO1 4,695 H 67 6.0 19.08 S 08-18-92 15 v 505 7.5 8.5 33 08-18-92
01SO6EO06ABCBO1 4,878 H 375 6.6 28145 T 07-16-92 12 v 290 7.8 8.0 3 07-16-92
01S06E18BBBB01 4,850 H 285 6.0 213.91 S 06-20-91 60 R 405 7.4 10.0 - 06-20-91 -
- = - - - - - 9.1 v - - - - - 5
01SO6E20BDAAOI 5,150 H 110 6.0 39.39 06-20-91 3 R - - - -- - N
01SO6E20BDAA02 5,150 H 128 6.0 45.62 S 11-04-92 11 Vv 285 8.1 9.0 - 07-21-93 N
01S06E20BDABO01 5,135 H 166 6.6 38.38 S 06-20-91 20 R 276 7.8 10.0 - 06-20-91 -
- = - - - - -- 9.1 v - - - - - -
01S06E20CBDD01 5,090 H 230 6.0 88.42 S 06-20-91 8 R 502 4 11.0 - 06-20-91 -
- = - - -- - 1.7 v - - - - - -
02NO2E35ADDAQ01 4,143 H 165 72.43 S 06-24-91 45 R 165 75 9.5 - 06-24-91 -
- o - -- - - 6.0 v -- - - a - -
02NO2E36BCAAD1 4,102 H 142 22.27 S 06-25-91 lg R 616 74 12.0 - 06-25-91 -
02NO3E33DADDO1 4,203 U 61 34.00 S 09-09-51 - - -- - - -- -- N
02NO4E02DDDB01 4,599 U 13 11.00 S 05-28-51 - - -- - -- - -- N
02NO4E23DBDD01 4,442 H 62 18.57 S 06-24-91 6.7 v 601 13 10.0 - 06-21-91 -
- -- -- - -- - 12 R -- - - - - =
02NO4E35BDCCO1 4,338 1 62 22.58 S 08-14-92 12 v 529 15 10.0 .8 08-14-92 N
02NOSE04DADDO1 5,310 H 83 59.15 S 06-21-91 30 R 329 75 85 - 06-21-91 -
- - - -- -- - 10 v -- - - - --
02NOSEO6ADDAO1 4,892 H 53 37.85 S 06-21-91 30 R 412 713 11.5 - 06-21-91
02NOSE10BDBD01 5,530 H 294 253.95 S 06-21-91 25 R 305 7.6 8.0 - 06-21-91
-- -- - - - - 6.7 v -- - - - -
02NOSE18ABBBO1 4,782 H 48 22.37 S 08-05-92 10 - 430 1.7 9.0 21 08-05-92
02NO5E21BBCC 01 4,972 U 34 28.00 S 05-28-51 -- - -- - - - -- N
02NO5E22DDAD01 5,285 H 110 2332 S 07-31-92 6.0 v 243 15 10.5 d  07-31-92 -
02NOSE31DAAAO]1 4,508 U 20 15.82 S 08-04-92 - - 790 75 10.5 S5 08-04-92 -
02NOSE31DAAAG2 4,508 H 110 -- B -- - - 454 79 11.0 8 08-04-92 -
02NOSE34DDBB01 4,740 1 300 13.01 S 06-20-91 25 R 283 7.6 11.0 - 06-20-91 -
- = - -- - - 10 Vv -- - - - - <
02SO03E04BAADO1 4,605 I 120 11.20 S 05-15-91 - - - - - - - M
02S03E06DACDO1 4,810 S 300 259.47 S 10-28-92 - - -- - - - -- -
02S04E0SBCBBO1 4,780 H 178 58.00 S 06-23-91 30 R 711 1.5 10.0 -- 06-23-91 =
-- -- - - - 8.9 v -- - = = e -
02SO4E11ADDD0O1 4,693 U 26 12.96 S 08-11-92 -- - - - - - - -
02S04E13CCBCO01 4,738 U 11 3.30 S 06-21-47 = - <o = = - - N
02S04E16BCCAOQ1 4,983 - 148 108.25 S 08-11-92 6.9 v 440 78 12.5 - 08-11-92 -
02S04E29CDDCO01 5,221 S 56 39.35 S 06-23-91 5.7 v 199 6.7 10.0 - 06-23-91 -
02S04E35ABBBO1 4,825 H 31 4,78 S 08-17-92 6.3 v 419 7.6 9.5 1.0 08-17-92 -
02SOSEO5ABBB01 4,688 H 40 6.25 S 06-23-91 25 R 420 72 9.5 - 06-23-91
- - - -- - -- 7.1 Vv - - - - --
02SOSE0SABBDO01 4,686 H 70 2.79 06-23-91 45 R 268 7.7 10.5 - 06-23-91
- - - -- - -- 11 Vv -- - - - -
02SOSE10AABBO1 4,785 P 55 1041 08-18-92 - - 480 1.7 10.0 - 09-03-92
02SOSE11ADABO1 4,810 I 100 12.80 S 10-24-88 40 - 520 72 9.5 - 07-14-93
- -- -- -- -- - 114 (0] -- - - -- --
02S05E12DACCO01 4,835 I 80 25.55 S 11-05-92 50 R - - - - --
02SOSE17BBAAO1 4,810 H 39 18.65 S 08-18-92 3.7 v 472 7.6 10.5 3 08-1892
02S05E20DDCC01 4,945 H 30 5.22 S 06-23-91 20 R 433 73 8.5 - 06-23-91
- -- -~ - -- -- 74 v -- - - - -- -
02S05E22CCDC01 4,995 H 165 10.78 S 03-09-53 12 v 455 7.6 15 1.0 08-13-92 N
02SOSE23AADDO1 4,962 S 49 5.89 ) 08-19-92 - - - - - - -- -
02SOSE31ADDAO1 4,078 H 125 30.58 S 08-17-92 7.1 v 596 8.0 9.0 1.5 08-17-92 -
02ZS05E35DCDCO01 5,203 I 156 35.68 S 05-14-51 = = = - = o - N
02S05E36BACDO1 5,111 1 138 11.31 S 10-26-88 - - e = o = o «
02S06E08ADDAO1 5,090 H 550 223.05 S 06-24-91 10 R 372 7.6 1.0 -- 06-24-91 -
02S06E19BBBB01 4,919 U -- 23.59 S 10-27-92 - - -- - - - -- N
02S06E20CABDO1 5,100 H 300 140.90 S 06-2291 6.7 v 345 7.8 9.5 -- 06-22-91 -
02S06E20CACAO01 5,132 H 238 167.03 S 06-22-91 15 R 472 715 9.5 - 06-22-91 -
02S06E26DDBAO01 5,150 H 70 23.26 S 06-23-91 7.1 Vv 647 7.0 7.0 -- 06-23-91 -
02SO6E33ADACO1 5,420 U 176 88.37 S 06-22-91 20 R - - - - - -
02S06E33BABDO01 5,440 H 305 12644 S 06-22-91 23 R 364 15 8.5 - 06-22-91 -
02SO6E33BDDCO01 5,435 U 159 31.71 S 06-22-91 15 R -- - = = - N
03SO4E02DCADO1 4,940 H 48 26.95 S 08-04-92 10 v 360 1 8.0 1.7  08-04.92 -
03SO4E03ABAAO1 4,390 H 23 8.19 8 07-13-93 12 v 371 1.7 1.5 1.5  07-13-93 -
03SO4E09ABBCO01 4,955 H 96 23.99 S 07-29-92 6.7 Vv 387 15 8.5 1.1 07-29-92 N
03S04E11CBBAO1 4,910 H 40 5.48 S 06-18-91 80 R 541 72 7.0 - 06-18-91 -
- - — - - - 12 Vv - - - = = =
03SO4E21DDBD01 5,031 1 105 26 R 03-31-71 1,600 R 310 715 7.0 - 06-18-91 -
03SO4E23AADCO01 5,460 H 208 130.02 S 07-29-92 8.6 \4 374 7.8 8.5 21 07-29-92 -
03SO4E25DBBD01 5,285 H 50 15.81 S 06-18-91 15 R 299 712 55 - 06-18-91 N
-- - -- -- - - 8.6 v -- - - - - -
03S04E32DADAO01 5,150 H 71 53.28 § 06-18-91 6.7 A% 576 7.1 9.0 -- 06-18-91 -
- -- - - -- - -- 10 R -- - -- - - -
03SO4E34ABBB01 5,122 H 92 6.0 46.11 S 07-28-92 6.0 v 354 7.4 9.5 24 07-28-92 -
03SO4E36BABB01 5,487 H 312 6.0 233.40 S 06-18-91 17 R 340 7.2 95 - 06-18-91 -
03SOSE04AAADO1 5,170 H 54 55 4.79 S 08-19-92 20 v 300 7.1 715 3.0 08-19-92 -
03SOSE07BCCCO01 5,100 H 36 6.0 3.87 S 06-18-91 12 v 235 75 7o) - 06-18-91 -
s - - - - - -- 30 R - - - - -
03SOSE10CCCBO1 5,312 H 70 - 41.66 S 06-22-91 5.0 v 464 75 8.5 - 06-22-91
03SOSE21BBBAO1 5,375 H 22 6.0 8.27 S 08-04-92 8.0 v 315 7 9.0 .6 08-04-92
03SO6EOSCBAAO1 5,230 H 128 55 82.14 S 08-19-92 - - 262 714 8.0 - 07-20-93
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i . ary use of water: H, domestic; I, irrigation; P, public supply; S, stock; U, unused; Z, other. Water level:
tape; T, electric tape. l?lscharge:_ in gallons per minute. Method of discharge measurement: O, orifice; R, reporied; V, volumetric.
Quaternary and Tertiary alluvial-fan deposits; Ts, Tertiary sediments; Br, Cretaceous through Precambrian bedrock. Remarks: M,

rvation; N, water level ineasured monthly by U.S. Geological Survey. R, well equipped with water-level recorder. Abbreviations:




